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Key Points:
●  The influence of different data selection criteria on internal geomagnetic field modeling was quantitatively investigated.
●  The Macau Science Satellite-1 (MSS-1) and Swarm satellite magnetic data were used for our investigations.
●  These investigations would provide a crucial reference for constructing and applying geomagnetic field models.
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Abstract: Earth’s internal core and crustal magnetic fields, as measured by geomagnetic satellites like MSS-1 (Macau Science Satellite-1)
and Swarm, are vital for understanding core dynamics and tectonic evolution. To model these internal magnetic fields accurately, data
selection based on specific criteria is often employed to minimize the influence of rapidly changing current systems in the ionosphere
and magnetosphere. However, the quantitative impact of various data selection criteria on internal geomagnetic field modeling is not
well understood. This study aims to address this issue and provide a reference for constructing and applying geomagnetic field models.
First, we collect the latest MSS-1 and Swarm satellite magnetic data and summarize widely used data selection criteria in geomagnetic
field modeling. Second, we briefly describe the method to co-estimate the core, crustal, and large-scale magnetospheric fields using
satellite magnetic data. Finally, we conduct a series of field modeling experiments with different data selection criteria to quantitatively
estimate their influence. Our numerical experiments confirm that without selecting data from dark regions and geomagnetically quiet
times, the resulting internal field differences at the Earth’s surface can range from tens to hundreds of nanotesla (nT). Additionally, we
find that the uncertainties introduced into field models by different data selection criteria are significantly larger than the measurement
accuracy of modern geomagnetic satellites. These uncertainties should be considered when utilizing constructed magnetic field models
for scientific research and applications.

Keywords: Macau Science Satellite-1; Swarm; geomagnetic field modeling; data selection; core field; crustal field

 
 

1.  Introduction
The Macau Science Satellite-1 (MSS-1) is the world’s first geomag-

netic satellite mission with a low inclination of 41°. It was success-

fully launched on May 21, 2023, into near-circular orbits at an alti-

tude of 450 km (Zhang K, 2023). MSS-1 is equipped with a highly

stable  optical  bench,  a  high-precision  fluxgate  magnetometer,

and a high-precision scalar magnetometer. It can measure Earth’s

magnetic  field with unprecedented accuracy and provides excel-

lent local time sampling. Combined with magnetic data from the

Swarm  satellite  (Olsen  et  al.,  2013),  MSS-1  will  significantly

advance the relevant scientific research and applications.

Magnetic  field  measurements  include  both  external  and  internal

sources relative to the Earth’s  surface.  The internal  field primarily

consists of the core and crustal fields, while the external field orig-

inates  from  current  systems  in  the  ionosphere  and  magneto-

sphere.  The  core  field  dominates  on  large  spatial  scales  and

exhibits secular variations (SV), while the static crustal field domi-

nates  on  smaller  spatial  scales.  Analyzing  these  internal  fields

provides  crucial  insights  into  core  dynamics  (Olsen  and  Mandea,

2008; Li  JF  et  al.,  2024)  and  tectonic  evolution  (Purucker  et  al.,

2002; Wang J et al., 2024). Additionally, internal fields offer position

and  direction  information  for  geomagnetic  heading  and  naviga-

tion systems (Maus et al., 2012; Chulliat et al., 2020). Constructing

a geomagnetic field model that accurately represents the temporal

and spatial variations of Earth’s internal magnetic field is essential

for  these  applications.  However,  internal  geomagnetic  field

models  are  influenced  by  rapidly  varying  current  systems  in  the

ionosphere  and  magnetosphere  (Finlay  et  al.,  2017).  To  reduce

these effects,  a common practice is  to select magnetic data from

dark  regions  during  geomagnetically  quiet  times  based  on

specific  criteria  (Olsen  et  al.,  2006; Maus  et  al.,  2010; Lesur  et  al.,

2015; Finlay et al.,  2020; Sabaka et al.,  2020; Yang YY et al.,  2021).

Nevertheless,  the  quantitative  impact  of  different  data  selection

criteria on internal geomagnetic field modeling is not well studied

and requires further investigation.

This  study  combines  the  latest  MSS-1  and  Swarm  satellite

magnetic  data  to  examine  how  different  data  selection  criteria
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affect  internal  geomagnetic  field  modeling.  The  aims  are:  (i)  to
quantify the impact of sunlit and geomagnetically disturbed data
on  the  internal  geomagnetic  field  models;  (ii)  to  quantify  model
uncertainties caused by different data selection criteria; and (iii) to
provide  a  reference  for  data  selection  in  internal  geomagnetic
field modeling. The manuscript is structured as follows: Section 2
describes  the  data  selection  criteria  and  the  method  of  internal
geomagnetic field modeling. Section 3 presents the field modeling
setups and results. Section 4 summarizes the findings and conclu-
sions. 

2.  Data and Method 

2.1  Data Selection
The  MSS-1  and  Swarm  satellite  magnetic  data  are  used  for  our
investigations.  For  the  MSS-1  satellite,  we  use  vector  data  from
November 1, 2023, to August 31, 2024. For the Swarm satellite, we
use vector data from January 1, 2014, to August 31, 2024. At high
latitudes,  Swarm  scalar  data  are  also  used.  The  sampling  interval
for  these  data  is  1  minute.  To  select  dark-region  data  from
geomagnetically quiet times, the following criteria are commonly
applied  in  the  widely  used  CHAOS  geomagnetic  model  series
(Olsen et al., 2006, 2014; Finlay et al., 2020):
(1)  Only  data  from  dark  regions  (sun  at  least  10°  below  the  hori-
zon) are used. This criterion excludes data influenced by low and
middle ionospheric current systems due to solar heating, as iono-
spheric  current  fields  are  not  parametrized  in  the  field  modeling
(see Section 2.2).
(2) Vector data are used for quasi-dipole latitudes equatorward of
±55°, while scalar data are used for quasi-dipole latitudes poleward
of ±55°. This criterion is based on the fact that scalar data are less
affected by polar current systems (Friis-Christensen et al., 2017).

Kp ≤ 2°(3) The 3-hour planetary K index (Matzka et al., 2021) . This
criterion excludes data during periods of enhanced geomagnetic
fluctuations.

RC
2 nT/h ∣dRC/dt∣ ≤ 2 nT/h

(4)  The magnetospheric ring current index  (Olsen et al.,  2014)
changes  by  at  most ,  i.e., .  This  criterion
excludes data during periods of enhanced ring current activity.

Em
0.8 mV/m Em ≤

0.8 mV/m

(5)  The  merging  electric  field  (Newell  et  al.,  2007)  averaged
over  the  previous  2  h  is  no  more  than ,  i.e., 

. This criterion excludes data during periods of enhanced
activity in polar regions.

Bz

Bz < 0

(6) Interplanetary magnetic field (IMF)  averaged over the previ-
ous  2  h  is  positive.  This  criterion  excludes  data  disturbed  due  to
substorm auroral  electrojet,  which is  prominent  when IMF 
(Finlay et al., 2015).

As an illustration, Figure 1 shows the monthly number of selected
MSS-1 and Swarm magnetic data points based on the above data
selection  criteria.  In  this  work,  the  above  criteria  are  used  as  a
reference. We will change the threshold values of these indices to
investigate  their  influence  on  internal  geomagnetic  field  model-
ing. 

2.2  Internal Geomagnetic Field Modeling
We employ a newly developed framework (Yao HB et al., 2025) for
geomagnetic  field  modeling.  This  framework  co-estimates  the
core, crustal, and large-scale magnetospheric fields. In source-free

BBB = −∇V
V Vint

Vext

Vint

regions,  the  magnetic  field  is  derived  from  a  magnetic
scalar  potential ,  which  consists  of  an  internal  part  for  core

and  crustal  fields,  and  an  external  part  for  magnetospheric
and  their  Earth  mantle-induced  fields.  The  internal  part  is

described  by  spherical  harmonic  (SH)  expansion  in  Earth-
centered, Earth-fixed coordinate system (Olsen et al., 2006):

Vint = a
Nint

∑
n=1

n

∑
m=0

(gmn cos mϕ + hmn sin mϕ) (ar )n+1
Pmn (cos θ), (1)

a = 6371.2 r θ ϕ
Pmn (cosθ)

n m Nint = 50

gmn hmn
n = 20

t = 2014.0 t = 2025.0
n = 21 − 50

Vext

where  km is the Earth’s mean radius, , , and  represent
the radius, colatitude, and longitude, respectively,  is the
Schmidt  quasi-normalized  associated  Legendre  function  of
degree  and order  (Winch et al., 2005),  is the maximum
degree used to describe the internal field, and  and  are the
SH model coefficients. Coefficients up to degree  represent
the time-dependent core field. The time dependence of the secular
variation of the core field is  represented by order-6 B-splines (De
Boor, 2001) with 6-month knot intervals and fivefold knots at the
endpoints  and .  Coefficients  for  degrees

 are time-independent and represent the static crustal
field. Details on the external part  due to the magnetospheric
ring current, magnetotail current, and magnetopause current can
be found in Yao HB et al. (2025). The unknown model parameters
are  the  SH  coefficients  for  the  core,  crust,  and  magnetospheric
fields. The total number of model parameters is 15,083.

mmmModel  parameters  are  estimated  by  minimizing  the  following
objective function (Olsen et al., 2014):

ϕ(mmm) = eeeTCCC−1
d eee + λ3mmm

TΛ3mmm + λ2mmm
TΛ2mmm, (2)

eee = dddobs − dddmod dddobs

dddmod

CCC−1
d

Λ3

Λ2

λ3 λ2

λ3 = 0.33 (nT yr−3)−2

λ2 = 100 (nT yr−2)−2 g0
n λ3

100 (nT yr−3)−2

where  is  the  data  residual  vector  with  and
 denoting the observed and model predicted magnetic data

vectors  in  the  north-east-centre  coordinate  system;  is  the

inverse  of  the  data  error  covariance  matrix  considering  the
anisotropic  errors  due  to  attitude  uncertainty  (Olsen,  2002); 
and  are  the  block  diagonal  damping  matrices  that  constrain
the third and second-time derivatives of the core field, respectively
(Olsen  et  al.,  2014);  and  control  the  strength  of  damping.
Following Finlay  et  al.  (2015),  we  take  and

 and treat all zonal terms  separately with 

increased to . The influence of regularization on the

geomagnetic core field modeling can be seen in the work of Xu JY
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Figure 1.   Stacked histogram of the monthly number of MSS-1 and

Swarm magnetic data points selected by the data selection criteria

described in Section 2.1.

542 Earth and Planetary Physics       doi: 10.26464/epp2025013

 

 
Yao HB et al.: Influence of different data selection criteria on internal geomagnetic field modeling

 



et al. (2024). To minimize the objective function, we implemented
an  iteratively  reweighted  least  squares  method  with  Huber
weights (Constable, 1988) and Gauss-Newton iteration (Farquhar-
son and Oldenburg, 1998; Olsen, 2002). For more details, we refer
to Yao HB et al. (2025). 

3.  Numerical Experiments 

3.1  Setup

n = 50

t = 2020.0

10−2

To  illustrate  the  influence  of  data  selection  on  internal  geomag-
netic  field  modeling,  we  generated  nine  geomagnetic  field
models  based  on  data  selected  according  to  different  criteria.
Hereafter,  an  internal  core  and  crust  magnetic  field  model  up  to
SH  degree  as  predicted  by  the  CHAOS-7  model  (Finlay  et
al.,  2020)  at  epoch  was  used  as  the  initial  model  of
inversion iteration. The inversion converges when the root-mean-
square (RMS) misfit  difference between adjacent iterations is  less
than .  All  numerical  experiments  were  conducted  using  90

MPI cores at the High-Performance Computing Center of MSS-1.

Table 1 lists the data selection parameters. Model 0 is the reference
model.  The  purposes  of  the  other  numerical  experiments  are
summarized as follows:
(1) Model 1 incorporates data from both dark and sunlit regions to
quantify the influence of sunlit data on internal geomagnetic field
modeling.
(2) Model 2 includes data without selecting geomagnetically quiet
times to evaluate the effect of geomagnetically disturbed data.

Kp
(3) Models 3 and 4 utilize data during periods of weak and strong
geomagnetic fluctuations, respectively, based on the  index.

RC
(4)  Models  5  and  6  employ  data  during  weak  and  strong  ring
current activities, respectively, as indicated by the  index.

Em
Bz

(5) Models 7 and 8 explore the influence of data selection criteria
based  on  the  merging  electric  field  and  the  interplanetary
magnetic field . These indices help exclude data from periods of
enhanced activity in polar regions. 

3.2  Influence of Sunlit and Geomagnetically Disturbed

Data
Selecting  dark-region  and  geomagnetically  quiet-time  data  is  a
standard criterion in geomagnetic field modeling, but its influence
on  internal  geomagnetic  field  modeling  is  not  quantified.  Here,
we first use Model 1 to investigate the influence of sunlit data (no
dark-region  selection). Table  2 lists  the  Huber-weighted  residual
mean  and  RMS  misfit  (Olsen  et  al.,  2009)  for  the  experiments.
Compared  to  the  reference  Model  0  derived  from  only  dark-
region data,  the  RMS misfits  of  Model  1  increase distinctly  for  all
field  components.  The  higher  RMS  of  Model  1  may  indicate
unmodelled  ionospheric  fields  since  this  model  includes  sunlit
data,  which  are  affected  by  the  ionospheric  equatorial  electrojet
(EEJ) and Sq current systems.

t
Figures 2 and 3 present the spherical harmonic spectra and maps
of the core and crustal fields at the Earth’s surface and epoch  =
2024.5  for  the  reference  Model  0  and  the  differences  between
various models. Compared to Model 0, obvious spectra differences
are  observed for  Model  1,  especially  for  the  high-degree core  SV
field  and  crustal  field.  In  the  middle  row  of Figure  3,  the  field
differences  between  Model  1  and  Model  0  display  remarkable
small-scale structure alone magnetic equator. A similar result was
obtained by Finlay et al.  (2017).  This is  a characteristic of the EEJ,
demonstrating the leakage of the unmodeled EEJ field. As shown
in the middle row of Figure 3, the field differences due to the use
of sunlit data are larger than 10 nT.

 

Table 1.   Model setups using different data selection criteria. The transverse line means no application of this criterion. Differences compared to
the reference Model 0 are highlighted in bold font.

Model Kp ∣dRC/dt∣ Em BzIMF Region Vector data Scalar data

0 ≤2° ≤2 nT/h ≤0.8 mV/m >0 dark 963,762 324,790

1 ≤2° ≤2 nT/h ≤0.8 mV/m >0 dark+sunlit 2,039,268 811,109

2 − − − − dark 1,457,028 1,501,922

3 ≤111° ≤2 nT/h ≤0.8 mV/m >0 dark 701,364 238,880

4 ≤333° ≤2 nT/h ≤0.8 mV/m >0 dark 1,027,259 344,337

5 ≤2° ≤111 nT/h ≤0.8 mV/m >0 dark 563,675 189,947

6 ≤2° ≤333 nT/h ≤0.8 mV/m >0 dark 1,191,697 400,826

7 ≤2° ≤2 nT/h − >0 dark 1,118,549 377,652

8 ≤2° ≤2 nT/h ≤0.8 mV/m − dark 1,170,766 397,340

 

Table 2.   Huber weighted residual mean, and RMS misfit for magnetic field Models 0, 1 and 2.

Field
Model 0 Model 1 Model 2

Mean RMS Mean RMS Mean RMS

F −0.01 3.39 0.04 5.02 −0.10 8.90

Br 0.06 1.83 0.02 4.01 0.05 3.04

Bθ 0.01 2.62 −0.12 4.12 −0.15 5.53

Bϕ −0.04 2.26 −0.05 5.11 −0.08 4.68
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Figure 2.   Spherical harmonic spectra (Rn) of the core field (left), core SV field (middle), and crustal field (right) at the Earth’s surface and epoch

 = 2024.5 for magnetic field Models 0, 1, and 2, respectively.
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Figure 3.   Maps of the radial core field (left, ), core SV field (middle, ), and crustal field (right, ) at the Earth’s surface

and epoch  = 2024.5. Top row: maps for Model 0; middle row: differences between Model 1 and Model 0; bottom row: differences between

Model 2 and Model 0.
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We further use Model 2 to quantify the influence of geomagneti-

cally  disturbed  data  (no  quiet-time  selection).  Results  for  this

model are also presented in Table 2, Figures 2 and 3. Compared to

Model 0, the RMS misfits of Model 2 increase significantly. As seen

in Figure 2, the spectra differences between Model 2 and Model 0

are  significantly  larger.  The  magnitude  of  spectra  differences  are

even larger than those of spectra themselves for the core SV field.

In the bottom row of Figure 3,  we observe very large field differ-

ences  between  Model  2  and  Model  0,  which  can  reach  several

hundreds of nT. The spatial structure of the core field and SV field

differences is  dominated by east-west aligned features at  middle

latitudes.

During geomagnetically disturbed times, there is enhanced inter-

action between the solar wind and Earth’s magnetosphere, result-

ing  in  rapid  disturbances  of  the  Earth’s  magnetosphere.  These

disturbance  magnetic  fields  can  reach  an  order  of  several

hundreds of nT (Yan Q and Yao HB, 2024). Since the sunlit data are

excluded,  the mid-latitude ionospheric  field  contribution is  mini-

mized.  The  large  differences  are  most  probably  caused  by  the

leakage  of  magnetospheric  disturbance  fields  during  strong

geomagnetic  activity.  These  results  demonstrate  quantitatively

the  importance  of  selecting  geomagnetically  quiet-time  data  for

accurate  geomagnetic  field  modeling  when  using  spherical

harmonic methods. They also suggest that the spherical harmonic

model  can  hardly  explain  the  observed  magnetic  fields  during

strong geomagnetic activity. Therefore, we need a more sophisti-

cated approach to better parameterize the external fields. 

Kp3.3  Influence of Data Selection According to  Index
Next,  we investigate the influence of  data  selection according to

Kp Kp ≤ 2°

Kp ≤ 1° Kp ≤ 3°

 index. We tested three data sets selected by  (Model 0,

reference),  (Model 3, stricter criterion), and  (Model

4,  looser criterion).  Residual  statistics for these tests are recorded

in Table  3.  It  is  observed  that  a  stricter  data  selection  criterion

leads  to  lower  RMS misfits  while  a  looser  data  selection  criterion

leads to higher RMS misfits.  This result  is  expected since a looser

data  selection  criterion  includes  much  more  geomagnetically

disturbed data, which can not be accurately modeled.

Figures 4 and 5 present the spherical harmonic spectra of Models

0, 3,  and 4 and field differences between various models.  For the

core  field  and  the  crustal  field,  the  spectra  differences  occurred

mainly  at  high  SH  degrees  (correspond  to  small  spatial  scales),

which is consistent with the small-scale field differences shown in

the  left  and  right  panels  of Figure  5.  It  is  also  observed  that  the

field differences between Model 3 (stricter criterion) and Model 0

are distinctly larger than those between Model 4 (looser criterion)

and Model 0. This result may suggest that stricter data selection is

not  always  better  since  we  may  lose  small-scale  information  by

excluding too much data.

Kp

In the following sections, we will not study the trade-off between

data selection and model spatial resolution, but focus on the esti-

mation  of  uncertainties  introduced  into  the  model  by  different

data selection criteria. The estimated uncertainties provide a refer-

ence for analyzing and applying the magnetic field model.  When

changing the  index by 50% in data selection, the model uncer-

tainties are in the ranges of ±3 nT,  ±3 nT/year,  and ±6 nT for the

core,  core  SV,  and crustal  fields,  respectively.  These  uncertainties

should be considered when using the constructed magnetic field

models for relevant scientific research and applications. 

 

Table 3.   Similar to Table 2, but for magnetic field Models 0, 3 and 4.

Field
Model 0 Model 3 Model 4

Mean RMS Mean RMS Mean RMS

F −0.01 3.39 0.02 2.92 −0.02 3.61

Br 0.06 1.83 0.06 1.75 0.07 1.88

Bθ 0.01 2.62 0.02 2.38 0.00 2.75

Bϕ −0.04 2.26 −0.03 2.08 −0.04 2.34
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Figure 4.   Similar to Figure 2, but for magnetic field Models 0, 3, and 4.
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RC3.4  Influence of Data Selection According to  Index

RC dRC/dt
RC

∣dRC/dt∣ ≤ 2 nT/h ∣dRC/dt∣ ≤ 1 nT/h ∣dRC/dt∣ ≤
3 nT/h

Kp

dRC/dt

dRC/dt

Next,  we investigate the influence of  data  selection according to

the time variations of  the  index,  i.e. .  Rapid changes in

the  index  reflect  rapid  disturbances  of  the  Earth’s  magneto-

sphere.  This  criterion  excludes  data  during  periods  of  enhanced

ring  current  activity.  We  tested  three  data  sets  selected  by

 (Model 0),  (Model 5), 

 (Model  6).  Results  for  these tests  are presented in Table 4,

Figures  6 and 7.  These  results  are  similar  to  those  of  the  data

selection according to the  index. A stricter data selection crite-

rion leads to lower RMS misfits, while a looser data selection crite-

rion leads to higher RMS misfits.  However,  as  shown in Figures 6

and 7,  the  differences  caused  by  changing  the  index  in

data selection are obviously larger, especially for the core SV field.

When  changing  the  index  by  50%  in  data  selection,  the

model uncertainties are in the ranges of ±3 nT, ±4 nT/year, and ±8

nT for the core, core SV, and crustal fields, respectively. 

Em Bz3.5  Influence of Data Selection According to  and IMF 

Em Bz

Finally, we investigate the influence of data selection according to

merging  electric  field  and  IMF .  In  polar  regions,  there  are

complex ionospheric current systems such as the auroral electrojet

Em

Bz > 0

Em Bz

and  the  field-aligned  current  that  couples  the  ionosphere  and

magnetosphere.  In  our  current  field  modeling  framework,  we

don't co-estimate the ionospheric fields but try to minimize their

contributions. First, we try to minimize the contribution of the low

and  mid-latitude  EEJ  and  Sq  currents  by  selecting  dark-region

data.  Second,  the  polar  current  systems,  particularly  the  field-

aligned currents, primarily influence the direction of the magnetic

field  but  have  minimal  impact  on  the  scalar  field  intensity  (Friis-

Christensen et al., 2017). Therefore, we try to minimize the contri-

bution of the polar current systems by using only scalar data. The

merging electric field  (Newell  et al.,  2007),  which is a function

of  the  solar  wind  speed  and  the  IMF,  can  efficiently  monitor  the

strength  of  polar  geomagnetic  activity.  Besides,  it  is  suggested

that the geomagnetic activity is much reduced during northward

IMF ( ) (Ritter et al., 2004; Finlay et al., 2015). Therefore, apply-

ing data selection according to  and IMF  can further minimize

the contribution of the polar current systems.

Em Bz

Here,  we  considered  three  data  sets  to  investigate  the  effect  of

these data selection criteria. Compared to the reference Model 0,

Models  7  and  8  were  derived  from  data  with  and  without  data

selection according to  and IMF . Results are shown in Table 5,

Figures 8 and 9. We have the following observations. First, without

 

Core, Model 3−Model 0

−2 0 2
nT

Core SV, Model 3−Model 0

−2 0 2
nT/year

Crust, Model 3−Model 0

−6 −3 0 3 6
nT

Core, Model 4−Model 0

−2 0 2
nT

Core SV, Model 4−Model 0

−2 0 2
nT/year

Crust, Model 4−Model 0

−6 −3 0 3 6
nT

 
Figure 5.   Similar to Figure 3, but for Models 3 and 4.

 

Table 4.   Similar to Table 2, but for magnetic field Models 0, 5 and 6.

Field
Model 0 Model 5 Model 6

Mean RMS Mean RMS Mean RMS

F −0.01 3.39 −0.00 3.33 −0.01 3.46

Br 0.06 1.83 0.06 1.82 0.06 1.84

Bθ 0.01 2.62 0.01 2.57 0.01 2.66

Bϕ −0.04 2.26 −0.03 2.23 −0.05 2.28

546 Earth and Planetary Physics       doi: 10.26464/epp2025013

 

 
Yao HB et al.: Influence of different data selection criteria on internal geomagnetic field modeling

 



Em Bz

F

Em Bz

data selection according to  and IMF , the RMS misfits of the

vector field have only small changes, while those of the scalar field

 increase  more  distinctly.  Second,  the  largest  field  differences

between models derived from data with and without data selection

according to  and IMF  occurred at polar regions for the core

and crustal fields. Since scalar data are used in polar regions while

Em Bz

Em Bz

vector  data  are  used  in  non-polar  regions,  these  results  indicate

the  sensitivity  of  and  IMF  indices  on  polar  geomagnetic

activity  and  current  systems.  These  observations  underscore  the

challenges  in  accurately  modeling  the  internal  magnetic  field  at

high  latitudes,  emphasizing  the  necessity  of  co-estimating  polar

magnetic field models.  When changing  and IMF  by 50% in
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Figure 6.   Similar to Figure 2, but for magnetic field Models 0, 5, and 6.
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Figure 7.   Similar to Figure 3, but for Models 5 and 6.

 

Table 5.   Similar to Table 2, but for magnetic field Models 0, 7 and 8.

Field
Model 0 Model 7 Model 8

Mean RMS Mean RMS Mean RMS

F −0.01 3.39 −0.02 3.86 −0.01 3.57

Br 0.06 1.83 0.06 1.89 0.06 1.81

Bθ 0.01 2.62 0.01 2.78 0.00 2.63

Bϕ −0.04 2.26 −0.05 2.39 −0.05 2.27
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data selection, the model uncertainties are in the ranges of ±2 nT,

±2  nT/year,  and  ±6  nT  for  the  core,  core  SV,  and  crustal  fields,

respectively.  Therefore,  uncertainties  caused  by  data  selection

according to  and IMF  should also be considered when using

magnetic field models at high latitudes. 

4.  Conclusions
Using  the  latest  MSS-1  and  Swarm  satellite  magnetic  data,  we

conducted a series of field modeling experiments to examine the

impact of different data selection criteria on internal geomagnetic

field  modeling.  Our  findings  indicate  that  altering  the  threshold

values of geomagnetic activity indices by 50% during data selec-

tion introduces uncertainties of approximately ±3 nT, ±4 nT/year,

and  ±8  nT  for  the  core,  SV,  and  crustal  fields  at  Earth’s  surface,

respectively.  These  uncertainties  exceed  the  measurement  accu-

racy  of  modern  geomagnetic  satellites,  suggesting  that  they

should be accounted for when utilizing the constructed magnetic

field models.

To further mitigate the effects of current systems in the ionosphere

and  magnetosphere  on  internal  field  modeling,  future  work  will

focus  on the following aspects.  First,  the  gradient  magnetic  data

from  satellite  measurements,  which  are  less  influenced  by  large-

scale external  field contributions,  can be incorporated.  The accu-

rate  East−West  gradient  of  Earth’s  magnetic  field,  which  can  be

derived  from  the  low-inclination  MSS-1  satellite  magnetic  data,

will  significantly  improve  internal  geomagnetic  field  modeling.

Additionally,  extending  our  field  modeling  framework  to  co-esti-

mate ionospheric fields will also benefit internal field modeling.
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Figure 8.   Similar to Figure 2, but for magnetic field Models 0, 7, and 8.
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